Abstract. Tree shrews are most closely related to the primates and so possess a number of advantages in experimental studies; they have been used as an animal model in bacterial and virus infection, cancer, endocrine system disease, and certain nervous system diseases. Their olfactory ensheathing cells (oecs) are able to release several cytokines to promote neuronal survival, regeneration and remyelination. The present study used western blot analysis to identify antibody specificity in protein extracts from whole tree shrew brains to identify the specificity of p75 nerve growth factor receptor (NGFR) derived from rabbits (75 kDa). OECs were cultured and isolated, then stained and identified using the antibodies for p75NGFR. To investigate the capacity of OECs to express cytokines and growth factors, microarray technology was used, and the analysis revealed that oecs were able to express 9,821 genes. of these genes, 44 genes were from the neurotrophic factor family, which may indicate their potential in transplantation in vivo. The present study considered the function of oecs as revealed by other studies, and may contribute to future research.
Introduction
Tree shrews (Tupaia belangeri, Wagner, 1841) are small animals originally regarded as either primates or insectivores and later classified as a separate order, Scandentia (1, 2) . They are most closely related to the primates, with the advantages of being readily available, easy to tame and possessing a strong reproductive capacity (3) . due to these advantages they have been successfully employed as an animal model for bacterial (4) or viral infection (5, 6) , tumors (7) , endocrine system disease (3, 8) , and certain nervous system diseases, including myopia (9-11), psychosocial stress (12, 13) , cerebral ischemia (14) and aging (15) . olfactory ensheathing cells (oecs) are the glial cells that derive from the olfactory placode and envelop olfactory axons in the course of migration from the olfactory epithelium to the bulb (16) . a number of studies have identified that OECs can not only release various cytokines (17, 18) that can promote neuronal survival (19) , regeneration (20, 21) and remyelination (22, 23) , in vitro and in vivo, but can also migrate into lesion regions (24) and facilitate functional repair (25, 26) following injuries. in the present study, oecs of tree shrews were isolated and purified successfully for the first time, to the best of the authors' knowledge. cytokine or the receptor mrna expression was also investigated using a microarray. The results of the present study may contribute to the use of oecs in transplantation and the evaluation of their curative effect in fundamental research and future clinical trials.
Materials and methods
Animals. Tree shrews (2 newborn for cell culture and 1 adult male, weight 140±10 g at the start of the experiment) and 1 adult male Sprague-dawley rats (for western blot analysis, weight 140±10 g at the start of the experiment) were provided by Kunming Medical university animal center (Kunming, china) and employed in this study. The animals were raised at 20±5˚C, 40-60% humidity and a 12-h light/dark cycle with food and water ad libitum. all animal work was conducted according to the guidelines for the care and use of experimental animals established by the Ministry of Science and Technology of the People's republic of china (approval no. 2006-398), and was approved by the ethics committee of institute of neuroscience, Kunming Medical university (Kunming, china). all animals were bred in separated cages.
Primary cell cultures. Primary cultures of oecs were set up from newborn tree shrews and the animals were sacrificed. olfactory bulbs were aseptically removed. The meningeal layer was stripped off with fine forceps and the tissue was enzymatically (trypsin 0.25%; 1:30 tissues to trypsin ratio) and mechanically dissociated, then incubated in 5% CO 2 at 37˚C for 15 min. The cells were recovered by centrifugation (100 x g for 5 min at 37˚C) in culture medium [Dulbecco's modified Eagle's medium/F12 (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum (Thermo Fisher Scientific, Inc.)] and seeded at 1x10 5 cells/ml into culture plates and incubated in 5% CO 2 at 37˚C. Cells were cultured for 10 h and then the supernatant was removed to another culture plate.
Antibodies. Antibodies against p75 neurotrophin receptor (p75NGFR) and BrdU were used to study the purity and proliferation of oecs. For each antibody, a minimum of two whole series of different animals were studied. Western blot analysis with protein extracts from whole tree shrew and rat brains ensured specificity of the antibodies used. The tissues were homogenized in riPa buffer (Beyotime institute of Biotechnology, Haimen, china) that contained a mixture of proteinase inhibitors and the supernatant was collected by centrifuging at 4˚C at 22,500 x g for 15 min. The protein concentration was determined by the dc protein assay from Bio-rad laboratories, inc. (Hercules, ca, uSa), and protein samples (100 µg) of each cell lysate in SdS loading buffer (Biosharp) were electrophoresed on 10% SDS-PAGE gel. electrophoresis was performed and the proteins were transferred onto polyvinylidene difluoride membranes (Pall Life Sciences, Port Washington, nY, uSa) using electroblotting apparatus (Bio-rad laboratories, inc.). The membranes were blocked at 37˚C for 1 h in TBS containing 0.1% Tween-20 and 5% dried milk, and were then incubated at 4˚C overnight with NGFRp75 antibody (1:1,000; cat. no. AB1554; EMD Millipore, Billerica, Ma, uSa) They were incubated with the IRDye 800-conjugated affinity purified goat anti-rabbit immunoglobulin (ig)G (1:5,000; cat. no. 611-1302; rockland immunochemicals, inc., Pottstown, Pa, uSa) for 1 h at room temperature and visualization using an odyssey laser scanning system (li-cor Biosciences, lincoln, ne, uSa). Blots were reprobed with the monoclonal mouse anti-β actin antibody (1:5,000; cat. no. a2228; Sigma-aldrich; Merck KGaa, darmstadt, Germany), followed by reaction with irdye 800-conjugated affinity purified goat anti-mouse IgG (1:5,000; cat. no. 610-1302; Rockland Immunochemicals, Inc.) at 37˚C for 2 h to confirm equal protein loading.
Immunofluorescence. Immunofluorescence was performed on OECs. The cells were fixed with 4% formalin solution at room temperature for 5 min then washed with PBS and permeabilized with 0.1% Triton X-100. The cells were then blocked with 1% bovine serum albumin (10082-139; Gibco; Thermo Fisher Scientific, Inc.) at 37˚C for 30 min and incubated for 18 h at 4˚C with anti-p75NGFR (1:500; AB1554; eMd Millipore) and anti-Brdu (1:200; mab #5292; cell Signaling Technology, inc., danvers, Ma, uSa) antibodies. Following washing with PBS, the cells were incubated at 37˚C for 2 h with respective anti-Mouse IgG H&L (Alexa Fluor 647; 1:500; ab150115; Abcam, Cambridge, MA, USA). Following incubation, the slides were washed with PBS, mounted and examined under a fluorescence microscope (leica TcS SP2; leica Microsystems GmbH, Wetzlar, Germany). Fluoroshield mounting medium with daPi (Sigma-aldrich; Merck KGaa) was used for daPi staining and the staining was performed according to the manufacturer's protocol.
Microarray analysis. Total RNA from OECs was quantified using a NanoDrop ND-1000 (Thermo Fisher Scientific, Inc.) and rna integrity was assessed using standard denaturing agarose gel electrophoresis (27) (performed by KangChen Biotech co., ltd., Shanghai, china). Total rna from each sample was used for labeling and array hybridization as follows: i) reverse transcription using the Superscript ds-cdna Synthesis kit (invitrogen; Thermo Fisher Scientific, inc.); ii) ds-cdna labeling using the nimbleGen one-color dna labeling kit (roche nimbleGen, inc., Madison, Wi, uSa); iii) array hybridization using the nimbleGen Hybridization System, followed by washing with the nimbleGen wash buffer kit (roche nimbleGen, inc.); and iv) array scanning using the axon GenePix 4000B microarray scanner (Molecular devices, llc, Sunnyvale, ca, uSa). Scanned images (TiFF format) were then imported into nimbleScan software (version 2.5; roche nimbleGen, inc.) for grid alignment and expression data analysis. expression data were normalized through quantile normalization and the robust Multichip average (rMa) algorithm included in the nimbleScan software. The Probe level ( * _norm_RMA.pair) files and Gene level ( * _RMA.calls) files were generated following normalization. All gene level files were imported into agilent GeneSpring GX software (version 11.5; agilent Technologies, inc., Santa clara, ca, uSa) for further analysis. Finally, hierarchical clustering was performed using Gene ontology (http://www.geneontology.org) to show distinguishable gene expression profiling among samples.
Results
Specificity of the antibody. Western blotting with protein extracts from whole tree shrew and rat brains ensured specificity of the antibodies used in the present study. Western blotting demonstrated that the antibodies produced bands that were located at the same level in the gel for rat and tree shrew brain protein extracts. notably, the western blots also demonstrated that these bands had the proper molecular weight for the p75NGFR antibody examined (Fig. 1A) .
OEC biological characteristics in vitro.
To investigate the method of culturing oecs from tree shrews, the bulbus olfactorius of newborn tree shrews was used. cultured for 24 h, certain cells began to demonstrate adherence and assume a round or star-like shape (Fig. 1B1) . Then, 6 days following adherent culture, three classic morphologies of oecs were observed: Bipolar or fusiform and oblate (Fig. 1B2) . among these shapes, fusiform and oblate were more common, and an evident three-dimensional appearance. after 14 days, the number of cells did not significantly increase, although the cells were still growing rapidly (data not shown). cells were stained against BrdU (Fig. 1B3 ) to confirm their capacity for proliferation, which demonstrated that all stages of oecs nuclei were positively stained, demonstrating that they possessed proliferative ability. Immunocytochemical staining against p75NGFR (Fig. 1B4 ) demonstrated that the fusiform cells or their nuclei were positively stained, demonstrating that they were oecs. all cell nuclei were positively stained with daPi ( Fig. 1B5) and the merged image is demonstrated in Fig. 1B6 .
Gene chip assay. in order to investigate rna integrity and genomic dna contamination, the denaturing agarose gel electrophoresis test was used. The result demonstrated that optical density (od) a260/a280 ratio was 2.00 and the od a260/A230 ratio was 2.35. These results confirmed that the RNA was pure [for spectrophotometer, the O.D. A260/a280 ratio should be close to 2.0 for pure rna (ratios between 1.8 and 2.1 are acceptable) The od a260/a230 ratio should be >1.8]. The 28S and 18S ribosomal RNA bands were fairly sharp, intense bands and there was a diffuse smear of ethidium bromide-stained material migrating between the 18S and 28S ribosomal bands, possibly comprising mrna and other heterogeneous rna species (Fig. 2a) . Prior to analysis a boxplot was performed (Fig. 2B) . Then, gene chip assay suggested that oecs expressed 9,821 genes ( Fig. 2c ) and 45 important genes are listed in Table i and Fig. 2d and e.
Discussion
Specificity of the antibodies. Tree shrews possess a number of advantages as animal models, thus, studies on them are popular. However, there are no specific reagents for tree shrews, particularly antibodies. The present study used western blot analysis on protein extracts from whole tree shrew and rat brains to ensure specificity of the antibodies used. Protein extracts from rat brain were used as a positive control, as the specificity of the antibodies has already been verified in this species. The results demonstrated that the antibodies produced bands that were located at the same level. Notably, the molecular weight for p75NGFR was ~75 kDa (28) . These data suggested that the antibodies used were specific and the results reliable.
OECs biological characteristics in vitro. The present study was the first to successfully isolate and purify tree shrew oecs, to the best of the authors' knowledge. as in a previous study, the cultured cells exhibited the three classical morphologies of oecs: Bipolar or fusiform, multi-ecphyma shape and oblate (26) . Previous studies have demonstrated that p75NGFR was the specific marker of OEC (29, 30) and that the antibody to Brdu is useful in detecting S-phase cells, as Brdu-positive cells are proliferating (31, 32) . The present study demonstrated that the majority of cells were p75NGFR positive and Brdu positive. These data further proved that the majority of the cultured cells were oecs and the majority of them proliferated well.
Gene chip assay. The microarray technique allows the monitoring of the expression of tens of thousands of genes simultaneously in one hybridization experiment. dna segments are closely arranged on a slide. cdna was reverse transcribed from mrna derived from tree shrew oecs, labelled with a Cyanine3 (Cy3) fluorophore and hybridized on the microarray slide. Through this technique, the detection of differentially expressed genes is greatly facilitated. in the present study, prior to the microarray analysis, rna quantification and quality assurance was performed to ensure reliability of the results (33) (34) (35) . Prior to the statistical analysis, a boxplot test was performed. The boxplot is a traditional method for visualizing the distribution of a dataset (36) and is useful for comparing the distributions of several datasets (37) . In the present study, a boxplot was used to observe the distributions of expression values for the samples in the experiment following normalization. The data demonstrated that tree shrew oecs can express 9,821 genes, containing 44 cytokines, including the fibroblast growth factors family (38) , the insulin-like growth factor family (39) (40) (41) (42) , the transforming growth factor family (38) , epidermal growth factor (43, 44) , ciliary neurotrophic factor (40), vascular endothelial growth factor (45) and platelet derived growth factor receptor α (46, 47) , which were hypothesized as possessing the capacity to promote neuronal survival, regeneration, remyelination or function improvement. in conclusion, tree shrew oecs were isolated and purified successfully for the first time, to the best of the authors' knowledge, and the cells were able to secrete a number of cytokines that may contribute to nervous system diseases. Although there was no specific kit, tests were performed to ensure that the data were reliable. These results may lead to future fundamental research or clinical trials.
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